Activation of phosphatidylinositol 3-kinase and extracellular signal-regulated kinase is required for glial cell line-derived neurotrophic factor-induced migration and invasion of pancreatic carcinoma cells.
Pancreatic carcinoma cells exhibit a pronounced tendency to invade along and into intra- and extrapancreatic nerves, even at early stages of the disease. The neurotrophic factor glial cell line-derived neurotrophic factor (GDNF) has been shown to promote pancreatic cancer cell invasion. Here, we demonstrate that pancreatic carcinoma cell lines, such as PANC-1, expressed the RET and GDNF family receptor alpha receptor components for GDNF and that primary pancreatic tumor samples, derived from carcinomas with regional lymph node metastasis, exhibited marked expression of the mRNA encoding the RET51 isoform. Moreover, GDNF was an efficacious and potent chemoattractant for pancreatic carcinoma cells as examined in in vitro and in vivo model systems. Treatment of PANC-1 cells with GDNF resulted in activation of the monomeric GTPases N-Ras, Rac1, and RhoA, in activation of the mitogen-activated protein kinases extracellular signal-regulated kinase (ERK) and c-Jun NH(2)-terminal kinase (JNK) and in activation of the phosphatidylinositol 3-kinase/Akt pathway. Both inhibition of the Ras-Raf-MEK (mitogen-activated protein/ERK kinase)-ERK cascade by either stable expression of dominant-negative H-Ras(N17) or addition of the MEK1 inhibitor PD98059 as well as inhibition of the phosphatidylinositol 3-kinase pathway by LY294002 prevented GDNF-induced migration and invasion of PANC-1 cells. These results demonstrate that pancreatic tumor cell migration and possibly perineural invasion in response to GDNF is critically controlled by activation of the Ras-Raf-MEK-ERK and the phosphatidylinositol 3-kinase pathway.